ABSTRACT: Based on the concept of accord with nature, natural accumulation, natural infiltration, natural purification, the design of urban road was optimized mainly from permeable pavement, subgrade, bio-retention facilities, and vegetation guardrail by Low Impact Development (LID). Optimization design of urban road based on the concept of sponge city can alleviate the problems of Chinese urban water resources shortage, frequent occurrence of waterlogging, water ecological deterioration, and urban heat island effect. And it has great significance and role to improve the urban living environment and promote the healthy development of the town.
INTRODUCTION
In the 90's of last century, for urban flood disaster, water ecological deterioration, urban heat island effect and utilization of rainwater resources and other issues, the United States appeared the Low Impact Development (LID) model that urban construction on the water environment was reduced to the lowest to realize the natural water cycle as the goal. According to the LID the natural infiltration of rainwater was emphasized through the ecological technology to restore the effect caused by land development, the main measures were urban natural drainage system (vegetation shallow groove, low potential green, etc.), rain garden, permeable pavement, ecological roof [1] [2] .
In November 2014, Ministry of Housing and Urban-Rural Development of the People's Republic of China published "The Sponge City Construction Technology Guidelines-Stormwater System Construction with Low Impact Development". The concept of "sponge city" was clearly defined. The path of the construction and the basic principles of "sponge city" were put forward clear. And the technology and methods were further refined that the local city would carry out the "sponge city" construction [3] .
Faced with urban flood disaster (as shown in Figure 1 ), water ecological deterioration, urban heat island effect and utilization of rainwater resources and other issues, the experts pointed out that the main reason was that Urban pavement in china was impermeable. In the urban construction, many cities used cement, asphalt, concrete and other closed surface instead of the original soil surface. On the sidewalks, open parking lot, courtyards and squares etc., people also enjoyed paving with neat and beautiful stone material or cement encaustic brick. Closed surface could improve traffic and road conditions, beautify the environment. At the same time, it had significant adverse effects on urban ecology and climate environment [4] [5] [6] [7] .
How to develop the urban road which is both suitable for China as soon as possible and conducive to the promotion, and long maintenance performance of the road, is still a problem to be solved urgently in front of the science and technology workers. 
OPTIMIZATION DESIGN OF URBAN ROAD
Based on the concept of sponge city, the design of urban road was optimized mainly from permeable pavement, subgrade, bio-retention facilities and vegetation guardrail.
Design of Permeable Pavement
Permeable pavement system is a new type of road system. That the rain infiltrates from the permeable pavement to the ground, can replenish groundwater resources, reduce runoff coefficient of road, reduce urban peak flow and reduce the burden of urban rainwater drain system.
The permeability of permeable pavement is of positive significance to adjust the temperature and humidity of urban surface and improve the urban ecological environment. Comparison of permeable pavement and traditional pavement in rainy days is shown in Figure 2 . According to the water flow path, the permeable pavement is divided into drainage pavement, semi permeable pavement and full penetration pavement. The function of every type permeable pavement is different. Structural strength of drainage pavement and semi permeable pavement is higher. Drainage pavement and semi permeable pavement can be used for the high grade pavement to avoid raining water on road and ensure traffic safety. Rain through the surface layer or cushion can be used to collect or discharge. Full penetration pavement can be used for the low grade pavement and the parking lot. Its structural strength is slightly lower; it can make urban rainwater directly recharge groundwater.
According to the surface layer material, the permeable pavement is divided into permeable asphalt pavement, permeable cement concrete pavement, polyurethane pervious pavement, Epoxy Resin Mixture (ERM) permeable pavement, brick permeable pavement, etc.
Permeable Asphalt Pavement
Permeable asphalt pavement from the structure can be divided into the surface layer, the base and the cushion. The surface layer of permeable asphalt pavement is typically porous asphalt mixture (Porous Asphalt Concrete, PAC). One or two layers may be paving. It requires the use of high strength, wear alkaline or neutral aggregate, while the use of high viscosity modified asphalt as a binder.
The base of permeable pavement is under the surface layer, on the one hand involved in carrying the pavement structure, having mechanical strength, on the other hand, during the rains as aquifers, temporarily storing rainwater. Permeable base materials include open-graded asphalt stabilized macadam (ATPB), good permeability graded crushed (gravel) stone, porous concrete base, cement stabilized gravel and other permeable base [8] [9] .
Cushion between the base and subgrade, generally is constructed with coarse sand, gravel, crushed stone and other smaller particle size good permeability material, or constructed with polyester or geotextile made of nylon or polypropylene. Cushion can play the role of the isolation from the subgrade and play the role of filtering to prevent clogging permeable layer of fine aggregate. The granular cushion can also improve the water temperature conditions of the roadbed, and improve water stability and frost heaving capacity of the pavement structure.
It is generally believed that when the permeable rate is 1500 mm/h the asphalt surface is the permeable asphalt pavement. Compared with the traditional compacted pavement, the structure design of permeable asphalt pavement needs more consideration of storage and permeable function in order to ensure good permeability. The surface layer and the base of permeability asphalt pavement all adopt the open-graded porous structure. Its porosity reaches up to 15% ~ 25%. Asphalt binder of permeable asphalt mixture is high requirements. Permeable asphalt pavement should be used with modified asphalt. It should have aggregate adhesion, excellent aging resistance and water resistance properties, etc. Such as TPS modified asphalt was used in Japan, its dynamic viscosity of 60℃ up to 117 kPa./s, was nearly one thousand times as that of ordinary asphalt.
Sometimes we need to use plant fiber and other additives to increase the thickness of asphalt film. Road construction industry institute of Japan believed that asphalt film thickness of drainage asphalt mixture in general should be controlled in 8 ~ 10μm. And the European and American countries thought asphalt film thickness of drainage asphalt mixture should be controlled in 16 ~ 22μm [10] . Permeable asphalt pavement applied to slow system, parking lot, and would also be used for urban arterial road pavement, as shown in Figure 3 . 
Permeable Cement Concrete Pavement
The main material of permeable cement concrete pavement is water, cement, aggregates and other reinforcing material. Permeable cement concrete aggregate is made of skeleton -gap gradation. Aggregate particle is wrapped in a thin layer of mortar by cement paste adding a small amount of fine aggregates or reinforcing material. Cementation layer is formed between the aggregate particles. Aggregate particles by hardening cement (sand) thin layer are gathered into porous "arch" structure. There are a large number of interconnected pores within them. And the diameter of big hole is mostly more than 1 mm.
Permeability of permeable cement concrete pavement depends on its internal connected porosity and pore size, Its strength depends on the strength of aggregates, cement strength, interface bond quality between the cementation layer and aggregates, number of the bonding points, the quality of the "arch" structure that aggregate particles embedded squeeze each other to form. The surface roughness mainly depends on the size of aggregate particles [11] .
Permeable cement concrete pavement can be used in urban road, such as motor vehicle driveways, non-motor vehicle driveways and parking lots etc. (as shown in Figure 4 ). 
Polyurethane Permeable Pavement
The surface layer of polyurethane permeable pavement is essentially a polyurethane gravel structure. Firstly we can mix polyol composition and isocyanate composition evenly, then pour the mixture into about 10 ~ 50 times as the mass of Particle size less than 10mm grade debris, then according to the design thickness (minimum thickness of 5cm) lay crushed polyurethane stone structure, and finally level and compact with smooth compactor.
The surface layer of polyurethane permeable pavement can display instinctive quality of natural stones by design, which has rich artistic effect, weather sun resistance color, and long service life. Polyurethane has good toughness, open pore structure cooperating with the surface. It make the permeable polyurethane surface has good shock absorption performance, comfort on foot and sound-absorbing noise reduction effect. High proportion of open pore structure in surface layer of polyurethane permeable pavement can realize high permeable effect, slow the emergence of road surface runoff.
Polyurethane permeable pavement has good permeable performance, green, beautiful, comfortable, easy to use and acoustic noise reduction features. And the good freeze-thaw stability (F200 or higher) make it can be used in cold areas [12] .
ERM Permeable Pavement
Epoxy gravel mix (Epoxy Resin Mixture, ERM for short) is a new pavement material composed of epoxy resin adhesive and single-graded or gap-graded aggregate according to certain mixture. It is generally in the range of porosity 15% to 35%. With good permeability, it is a new type of permeable pavement. It is colorful, has good reflection, and the construction process is relatively easy to control. These make it mainly used for sidewalk and parkway with better road performance. ERM has a certain hydrothermal stability and a certain ability to resist water and heat damage. It can be considered for further application in hot and humid areas [13] .
Brick Permeable Pavement
There are kinds of permeable pavement brick, common concrete permeable pavement brick, natural sand permeable pavement brick, ceramic permeable pavement brick, permeable turf brick, grass planting brick, etc. (as shown in Figure 5 ). The design and production methods are not the same. The internal channel hole makes the permeable pavement brick with water permeability. Currently permeable pavement brick is the most widely used type of surface material in the sidewalks, square, parking lot, etc. But the pavement integrity is poor, joint surface and roughness is bad. It is bad for vehicles running smoothly. Due to its good economy, the ability to adapt to the deformation, the construction and maintenance for convenient, and its permeability easy to maintain, it has good prospects for the application in the permeable pavement. 
Design of the Subgrade of Permeable Pavement
Drainage system is set up inside the roadbed of some traditional impermeable pavement. Even if it flows into the surface layer, water will be discharged through the drainage system outside the road. It will not cause damage to the soil base. So the traditional hardening of subgrade can only meet the compaction standard, which meets the requirement of the bearing capacity, no other requirements. It is not enough for permeable pavement. Permeable soil base of permeable pavement should have the following requirements: (1) high permeability, (2) small frost heave in saturated state, (3) the requirement of bearing capacity must be met, and the loss of bearing capacity in saturated state is small.
The above requirements apply to the permeable soil base. But if subgrade soil is impervious clay, under the road bed soil base in a certain depth is replaced. Replacement depth can be determined according to the permeability coefficient of the material, minimum frost depth, rainfall intensity, etc. When permeable asphalt pavement is paved on the subgrade of materials such as cohesive soil, we should adopt the lime or cement inorganic binder stabilized treatment in order to improve the water stability and erosion resistance of roadbed. Impervious layer can also be laid on soil foundation. Rainwater filtered through the surface is collected to drainage pipes, then to the road outside [14] .
After the whole permeable wet, the strength of the soft soil (silt and silt soil), untreated Artificial hybrid filling soil, collapsible loess, expansive soil and other special soil is decreased obviously because of its poor penetration efficiency. It is not suitable to lay the permeable pavement directly on it.
Design of Bio-retention Facilities
In urban roads, plant stranded groove, recessed green belt, ecological grass valley, aggregate storage ditch and other bio-retention facilities can be used to collect water and purify water (as shown in Figure 6 ). Rainwater flows into a recessed green under the isolation belt from the road along the gap. Gravel, slag and sand forms a filter layer to purify and store rainwater like a sponge. Through rain comb above the green, most extra rain flows into nearby pits, the remainder overflows to the storage pool. In a heavy rain, the rain discharges to the urban drainage pipe network by rainwater overflow weir in road rainwater well. The 70% of the rainwater can be collected and utilized. 
Design of Vegetation Guardrail
Street guardrail is a necessary part of the street. Guardrail design can break the routine. Pavement under the guardrail is designed to the permeable pavement, guardrail can adopt vegetation guardrail of low shrubs and herbs. It can prevent the pedestrian crossing, ensure the safety of pedestrians. And can beautify the city, alleviate the driver's visual fatigue, adjust the microclimate of the urban road.
CONCLUSIONS AND SUGGESTIONS
Optimization design of urban road based on the concept of sponge city can reduce runoff coefficient, reduce runoff, effectively improve the road safety and comfort, and reduce the heat island effect. It has good environmental and ecological benefit, and good noise reduction effect.
It has been recommended for the constructed drainage or permeable pavement for long-term follow-up observations, especially for the problems of permeable performance degradation caused by space jams. To common pore blocking problem of the permeable asphalt mixture, permeable cement concrete pavement, the maintenance is commonly used by high-pressure washing cars, which can be in vacuum high pressure cleaning and hovering. Vacuum cleaner or suction type washing machine can also be used to maintain. High pressure water column in the limited device can also be used to restore permeable pavement performance [15] [16] .
Further coordination and development of the road and bridge, water conservancy, environment, construction, etc., to establish an integrated stormwater management model will be able to improve water circulation, optimize the ecological environment, and form a beautiful living environment.
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